For the last four years, the School of Physics at Georgia Tech have been preparing new Graduate Teaching Assistants (GTAs) through a program that integrates pedagogy, physics content, and professional development strategies. Here we discuss various assessments we have used to evaluate the program, among them surveys, GTA self-reporting, and end-of-semester student evaluations. Our results indicate that GTAs who participate in the program find its practical activities useful, feel better prepared for teaching, make use of learner-centered teaching strategies, and receive higher scores in teaching evaluations.
I. INTRODUCTION
Graduate teaching assistants (GTAs) are essential members of the teaching staff for large-enrollment introductory physics courses. Students in these courses spend nearly as much of their in-class contact time with GTAs (e.g., labs, recitations) as they do with faculty [1] . Given their potentially large impact on student learning, and knowing that research shows that instructor preparation has a positive impact on teaching effectiveness [2] [3] [4] , it is crucial to provide GTAs with adequate preparation and support for their roles as educators (see [5] for several resources on GTA preparation in physics). Additionally, since teaching experience improves graduate students' research skills [6] , a comprehensive preparation program for new GTAs can also act as an early step in their professional development as physicists.
In 2013, the School of Physics at Georgia Tech began offering a one-semester GTA preparation course for first-year PhD students, developed based on the model described in [7] . To date, 92 graduate students have participated in the course. Preliminary review of course assessments indicated the program was well-received and was having a positive impact on the participants. Here we explore some of the assessments in detail to have a more rigorous understanding of the success and effectiveness of the program. Our results can provide the Physics Education Research (PER) community with information about effective methods for GTA professional development.
II. PHYSICS GTA PREPARATION
The GTA preparation course has been taught every Fall semester since 2013. Over the years, the course contents have become more comprehensive and balanced, effectively integrating pedagogy, physics, and professional development (see Fig. 1 ). Although the details of the course contents have evolved, the main goals for the course remain the same: to help graduate students develop and apply learner-centered teaching practices, give and receive feedback on their teaching, manage classroom dynamics, and identify transferable skills they can use in their future careers as professional physicists. One of the researchers (EAM), a senior graduate student with significant GTA experience and involvement in PER and educational development, is the course instructor.
The course is structured in two parts: Orientation and Follow-Ups. The Orientation is a series of workshops, spread over several days, that comprise approximately 70% of the contact hours for the course. It takes place two weeks before GTAs begin their teaching duties. The first workshop introduces grad students to their GTA responsibilities. The second workshop (Teaching Physics) covers the topics of differences between experts and novices, addressing preconceptions, and facilitating problem-solving. The third workshop is about classroom management and student motivation. The Orientation is rounded up with the Microteaching and Lab Simulation activities, in which the GTAs take turns to practice with their peers how to facilitate a problem-solving session and a lab experiment, respectively, and receive feedback from each other and the course instructor. The Follow-Ups are one-hour meetings that happen every ∼2-3 weeks during the semester; some of the topics covered in them include grading, midterm evaluations, and identifying transferable skills. All class meetings are interactive, with GTAs engaging in activities that reinforce research-based teaching methods, such as think-pair-share exercises, group discussions, and problemsolving sessions. Additionally, starting in 2014, the course instructor has conducted classroom observations of the GTAs at least once during the semester (twice in 2016). Video recordings of the observations are used, with the GTAs' permission, as examples for discussion in later iterations of the course.
III. METHODOLOGY
GTA and program assessment happens at various points before, during, and after the semester. The first is the Orientation Survey, which happens at the conclusion of the Orientation portion of the course. In this assessment, GTAs are presented with several five-point Likert scale questions to evaluate the course contents and determine their self-confidence for teaching. We administer pre/post assessments at the start and end of the semester to measure GTAs' pedagogical understanding and attitudes about teaching. Here we will discuss one of these assessments, the Approaches to Teaching Inventory (ATI). This research-validated instrument [8] consists of 16 five-point Likert scale items that measure the extent to which GTAs approach teaching from a teacher-focused or student-focused perspective. During the last Follow-Up meeting in the semester, we give GTAs a Final Survey to evaluate the full contents of the GTA preparation course and its instructor. Finally, at the end of the semester, undergraduates are asked to complete Student Evaluations of Teaching for their lab and recitation GTAs. The GTAs receive the results of these evaluations after the semester is over.
In this paper we analyze the data we have collected from the Orientation Surveys, the ATI pre/post, the Final Surveys, and the Student Evaluations. We employ these multiple streams of data to evaluate the effectiveness of the course along different dimensions (e.g., content, delivery, attitudes). The data are summarized in Table I . We use IBM SPSS Statistics 24 to perform the majority of our data analysis, and SciPy in a minority of cases. Our study has approval from the Georgia Tech Institutional Review Board and we have secured informed consent from study participants when required. Distributions of self-reported preparedness before and after the Orientation show that GTAs feel better prepared for teaching after going through the GTA preparation course. First-time GTAs in 2016 were asked to rate how prepared they felt for teaching before and after completing the Orientation portion of the GTA prep course, before the start of their teaching duties. The before (N = 22) and after (N = 24) distributions are noticeably different.
IV. ANALYSIS AND RESULTS

A. Orientation Surveys
In the first year of our GTA preparation course (2013), we wrote a short survey to receive feedback from the GTAs at the end of the Orientation. The survey had five free-response questions and one five-point Likert scale question, "How prepared do you feel for your first day of teaching, on a scale of 1 to 5?" None of the 21 responses reported a preparedness level of 1 or 2. The majority (52.4%) reported a level of 4, and the rest were split between 3 (28.6%) and 5 (19%).
In 2014 we rewrote the Orientation Survey to ask for more targeted feedback through five-point Likert scale statements. Although the statements varied from year to year, there were 10 common statements from 2014 to 2016. These statements explored GTAs' thoughts about the course content, its delivery, and their self-confidence about teaching. An analysis of variance revealed no statistical differences in the means of each separate statement across the three-year period. Each statement mean across three years demonstrates that GTAs in general find the Orientation to be useful ("Going through [Orientation] before the TA job begins is helpful to me," M = 4.54, SD = 0.70) and valuable ("Microteaching was a valuable practical experience," M = 4.54, SD = 0.72), and that they enjoy the interactive method in which the class is delivered ("I would have preferred more lecturing than activities," M = 2.13, SD = 0.95).
In 2016, GTAs were asked "How prepared do you feel for your first GTA assignment at Georgia Tech?" (on a five-point Likert scale) before the Orientation started and again at the end of the Orientation. The responses allowed us to determine if GTAs' feelings of preparedness for teaching change after going through the first part of the GTA prep course. The results can be found in Fig. 2 . A non-parametric two-sample FIG. 3 . GTAs' approaches to teaching are more student-focused after one semester of GTA preparation and teaching experience. Shown here are histograms of the ATI mean score distributions, at the start (pre, dotted lines) and end (post, solid lines) of the semester, for teacher-focused (ITTF, top, red) and student-focused (CCSF, bottom, blue) approaches to teaching. There is a pre/post statistical difference in the distributions and grand means of CCSF scores.
Kolmogorov-Smirnov (KS) test showed that GTAs feel significantly better prepared for teaching after participating in the Orientation (D = 0.65, p 0.001)
B. ATI Pre/Post
We administer the ATI on the first and last class meeting. Of the 16 items in the ATI, eight explore Information Transmission/Teacher-Focused (ITTF) approaches, and the other eight explore Conceptual Change/Student-Focused (CCSF) approaches. For each GTA, we calculated the average of the eight ITTF items and the average of the eight CCSF items (teacher-focused mean and student-focused mean, respectively), in the pre-ATI and again in the post-ATI. The data is visualized in Fig. 3 . Using a non-parametric two-sample KS test we found no statistical difference in the distribution of mean scores for teacher-focused approaches; however, the distribution of student-focused mean scores is statistically different from pre to post (D = 0.28, p = 0.032). We then calculated the (pre and post) teacher-focused and studentfocused grand means, by averaging all the teacher-focused means and all the student-focused means, respectively. Since the distributions of mean scores are not normal, we used a Wilcoxon signed-ranks test to determine whether there was a statistical difference in the pre/post grand means for teacherfocused and student-focused approaches. We found that the teacher-focused grand mean did not change significantly, but there was a significant change in the student-focused grand mean, from 3.52 to 3.72 (Z = −2.278, p = 0.023).
C. Final Surveys
In 2013 and 2014, GTAs were asked at the end of the semester to list their top 3 most useful course topics. Microteaching topped the lists on both years. Midterm Evaluations, an activity in which GTAs both provide feedback for the course and receive feedback from their students, was also highly ranked, coming in at number 3 in 2013 and tying for first in 2014. The Grading Practice activity was among the top 3 in 2013, but absent from ranking the following year. The 2014 group selected Classroom Management as the second most useful topic, and Teaching Videos (in which GTAs discuss video clips of other GTAs' teaching) as third.
The 2015 and 2016 groups were given five-point Likert scale surveys to evaluate the usefulness of the course topics and activities. The 2015 group indicated Microteaching as being the most useful course activity (M = 4.38, SD = 1.07), followed by Individual Classroom Observations (M = 3.79, SD = 1.29) and Teaching Physics (M = 3.76, SD = 1.06). The 2016 group also considered Microteaching the most useful activity (M = 4.32, SD = 0.72), followed by Teaching Physics (M = 4.23, SD = 0.69) and Individual Classroom Observations (M = 4.09, SD = 1.11). A qualitative summary of these results can be found in Table II .
D. Student Evaluations
The Georgia Tech Office of Academic Effectiveness conducts end-of-semester student evaluations of all instructors. The evaluation for GTAs consists of 12 five-point Likert items and three free-response questions. We gathered all available data for the Likert items, for the first fall semester of teaching, of all first-time physics GTAs between 2011 and 2015. The collected data was in the form of interpolated medians for each of the 12 Likert items, for each lab or recitation section taught by each GTA in that semester. From this we calculated each GTA's average for each of the 12 items; this way we had a single score per GTA for each Likert item. The distributions of scores for all items were highly skewed towards the high end of the scale, which tells us that intro physics students at Georgia Tech are reluctant to give low ratings to their GTAs.
We consider participation in the GTA prep course as the intervention. GTAs whose first fall semester of teaching happened in 2011 or 2012 predated the GTA course, so they are the no-intervention group (N = 51), while the intervention group are those GTAs whose first fall semester of teaching happened in 2013 or later (N = 69). Given the highly skewed nature of the distributions, we used a non-parametric MannWhitney test to determine if there were statistical differences between the two groups. We found that GTAs who participated in the GTA prep course receive higher student evaluation scores across the board. The differences are statistically significant for nine of the evaluation categories, and not statistically significant in three categories. These results can be found in Fig. 4 , including all U statistics and p-values. Nonsignificant results are indicated with an asterisk (*).
V. DISCUSSION AND CONCLUSIONS
Our GTA preparation course is well-liked and highly rated by the grad students who have participated in it. The course is effective at increasing GTAs' self-confidence in their teaching abilities. Informal conversations with a GTA Faculty Supervisor have reinforced this result, as we have been told they have seen far fewer "freakouts" from first-time GTAs at the start of the semester since the prep course went into effect.
The course has also been effective at increasing GTAs' learner-centered teaching approaches. In future work, we will explore the evolution of these approaches as the GTAs gain more teaching experience.
GTAs value the interactivity of the preparation course, and consider practical activities such as Microteaching, Midterm Evaluations, and Classroom Observations to be the most useful elements of the class. GTAs have also shown interest in learning more details about research-based teaching methods.
Students consistently give higher end-of-semester ratings to first-time GTAs who participated in the GTA preparation class than to first-time GTAs who had no formal teaching preparation. We can infer that participation in the GTA course is at least partially responsible for this difference, with participants being more effective first-time GTAs than nonparticipants. However, we must keep in mind the subjectivity of student evaluations, and all the arguments that have been made in favor and against them as valid assessments of teaching effectiveness and student learning [e.g., [9] [10] [11] [12] .
The success of our GTA preparation course suggests that programs that integrate physics and pedagogy and emphasize the use of research-based teaching practices can be effective methods of GTA professional development.
